Slipped capital femoral epiphysis (SCFE) is a disorder of adolescent age. Presentation of SCFE earlier than the expected age range should prompt the clinician to consider the presence of an underlying endocrinopathy. Early recognition and aggressive management of the predisposing endocrine disorder is crucial to prevent treatment failure and associated morbidity. We report the clinical presentation and treatment of an 8-year-old girl with bilateral slipped capital femoral epiphysis. The unusual age, persistent hypocalcemia, and associated distal femoral physeal deformities prompted further evaluations, which led to the diagnosis of pseudohypoparathyroidism (PHP) type 1b. PHP type 1b is an extremely rare cause of SCFE and only a few cases have been reported. A delay in diagnosis in such case is not uncommon.
S
lipped capital femoral epiphysis (SCFE) commonly affects the overweight and obese adolescents. SCFE classically presents in the age group of 10-15 years. 1 The peak age for this condition is 13 years in boys and 11.5 years in girls. In approximately one-third of the cases, SCFE is associated with an underlying endocrine disorder. 2 Presentation of SCFE earlier than the expected age range should be considered as a significant risk factor for an underlying endocrinopathy. 3 We hereby report the clinical presentation and treatment of an 8-year-old female with simultaneous bilateral SCFE predisposed by pseudohypoparathyroidism (PHP) type 1b. To the best of our knowledge, only one prior case of PHP type 1b predisposing to SCFE that required combined medical and surgical management has been reported in the literature. 4 
cAse RepoRt
An 8-year-old female presented to the emergency department with a 4 day history of right hip pain and limping. The pain was of spontaneous onset without any history of trauma. She achieved normal milestones till the age of 6 years. Her past medical history was significant for psoriasis, controlled by topical medications. Dietary history revealed a normal intake of a balanced nonvegetarian diet.
On examination, she was noted to have skin lesions due to mild psoriasis. There were no phenotypic features of Albright's hereditary osteodystrophy (AHO) which is PHP type 1a. Her weight was 25.8 kg (50 th percentile for age and sex), height 131 cm (75 th percentile for age and sex), with a height velocity of 4.25 cm/year. Examination of her lower limbs showed a painful right hip with minimal shortening and restricted external rotation. Biochemical investigations revealed low serum calcium and high alkaline phosphatase [ Table 1 ]. The liver enzymes, coagulation screen, renal function tests, serum phosphorus, serum albumin, and serum magnesium were all within normal limits. Radiological investigations showed grade 2 SCFE on the right side and grade 1 on the left side according to Southwick's classification 1, 2, 5 [ Figures 1 and 2 ]. Clinically, she had stable slips according to Loder's classification. 1 The operative treatment planned was in situ pinning of both hips using cannulated screws. The right hip was operated on within 24 h of presentation and the asymptomatic left hip was operated 2 weeks later. Due to her small bony anatomy, 5 mm cannulated screws were used for fixation on both sides. The procedure was otherwise similar to the technique described by Loder. 1 The early postoperative recovery was uneventful and postoperative radiographs were satisfactory. The patient was discharged with advice to eat a calcium rich diet and to take calcium supplements and vitamin D 3 (cholecalciferol). As the patient was feeling better, she did not come for the follow up appointments. At the 4 th postoperative month, she presented with the complaint of pain in her left knee. Clinically her left knee had 5° more valgus than her asymptomatic right knee. Radiographs of both knees showed widening of the lateral distal femoral physis with abnormal ossification within the metaphysis [ Figure 3 ]. Radiographs of the hips revealed a similar appearance to the postoperative radiographs.
At this stage, the bone profile showed persistent low calcium levels with elevated alkaline phosphatase, in spite of treatment with calcium and vitamin D 3 [ Table 1 ]. This persistent hypocalcemia prompted us to carry out further endocrinologic evaluation. Her parathyroid hormone (PTH) The combination of high PTH and low calcium with no possible explanation led us to suspect end organ resistance to PTH, which is known as PHP. The absence of AHO phenotype favoured the diagnosis of PHP type 1b. 4 The patient was referred to a geneticist and an endocrinologist for further evaluation. Genetic testing revealed GNAS1 methylation defects, confirming the diagnosis of PHP type 1b. She was started on calcium carbonate supplements and alfacalcidol (1-alpha-hydroxyvitamin D 3 ) 0.5 µg once daily. In a week, her sense of general well being improved and there was a marked reduction in the left lower limb pain. Her serum calcium and vitamin D level increased, and at the same time, serum alkaline phosphatase and PTH levels decreased. The alfacalcidol dose was slowly increased at weekly increments of 0.5 µg to a final dose of 1.5 µg once daily. She was allowed to bear weight in 1 month.
At her last follow up, 2 years after the in situ fixation, the patient remained without symptoms. Radiographs of the hips showed good remodeling of the proximal femur with no evidence of avascular necrosis [ Figures 1c,d and 2  c,d] . Radiographs of her distal femur showed improved ossification and narrowing of the distal femoral physis [ Figure 3 ]. The valgus deformity in her left knee had also improved, but correction with hemiepiphysiodesis may be required in the future. The patient was advised to continue calcium carbonate and alfacalcidol lifelong. Follow up till skeletal maturity was planned, but unfortunately the family was lost to follow up.
dIscussIon
Slipped capital femoral epiphysis (SCFE) is a well known disorder commonly seen in adolescent age group. The exact etiology of SCFE is still unknown, but the commonly associated risk factors include obesity, adolescent growth spurt, mechanical abnormalities, trauma, and endocrine abnormalities. [2] [3] [4] An underlying endocrinopathy accounts for at least one-third of the cases of SCFE, and the common endocrinopathies associated with SCFE include hypothyroidism, hyperparathyroidism, growth hormone deficiency, and hypogonadism. 2 Pseudohypoparathyroidism (PHP) is a heterogeneous group of rare metabolic disorders characterized by end organ resistance to the action of parathyroid hormone (PTH). In PHP, kidney consistently demonstrate resistance to the action of PTH, but the skeletal resistance is variable. 4 Renal resistance to PTH results in biochemical hypoparathyroidism (hypocalcemia, hyperphosphatemia) along with elevated PTH.
2,3 PHP is further classified as PHP 1 and 2. [6] [7] [8] Patients with type 1 PHP show no increase in urinary cyclic adenosine monophosphate (cAMP) after intravenous administration of exogenous PTH due to end organ resistance, but patients with type 2 retain this ability. PHP type 2 is an extremely uncommon subtype.
PHP type 1 is further classified as types 1a, 1b, and 1c. PHP type 1a accounts for majority of the cases and the prototype of all subtypes. PHP type 1a was first described by Albright in 1942 and is also known as Albright's hereditary osteodystrophy (AHO). 9 The characteristic phenotype includes short stature, obesity, round facies, brachydactyly, hyperparathyroid bone disease (osteitis fibrosa), and subcutaneous calcifications. Type 1c is rare but phenotypically similar to type 1a. Patients with type 1b have normal G protein activity and a normal phenotype. The pathophysiology of type 1b is caused by paternal disomy of chromosome 20q and subsequent GNAS1 methylation. 7, 8 The loss of the maternal GNAS1 gene results in PTH resistance in the proximal renal tubules, which leads to hypocalcemia and hyperphosphatemia. The absence of the conspicuous AHO features in PHP type 1b and its rarity frequently cause a delay in diagnosis and treatment. 4 In PHP type 1b, the bones remains sensitive to the effects of PTH, which results in the bony resorption of calcium in an attempt to maintain the serum calcium. [10] [11] [12] The bony effects due to PTH described in PHP are similar to the bony changes seen in hyperparathyroidism. 4, 13 SCFE is well documented in renal osteodystrophy due to hyperparathyroidism.
14 PTH impairs the normal enchondral ossification and dimishes the collagen content of the growth plates. 4 Similarly in PHP, the upper femoral metaphyseal resorption due to elevated PTH is thought to be the reason for slippage in SCFE. 4, 15 In addition to surgical fixation, medical treatment with active vitamin D analogs is therefore required to suppress the PTH and to prevent subsequent treatment failure. In our patient, the distal femoral physeal changes were seen due to the effects of increased PTH, which has been documented in previously reported cases of PHP. 4, [11] [12] [13] Treatment with calcitriol (1,25-dihydroxyvitamin D 3 ) is generally recommended to normalize the elevated PTH because calcitriol does not require PTH for its activation. 4 Alfacalcidol (1-alpha-hydroxyvitamin D 3 ) is a synthetic analog of vitamin D, which is converted in the liver to the active metabolite 1,25-dihydroxyvitamin D 3 . Similar to calcitriol, alfacalcidol has a rapid onset of action and a relatively short half-life. [16] [17] [18] Calcium supplementation is also recommended to increase the serum calcium levels. Generally a PTH level of <200 pg/mL and serum alkaline phosphatase >500 IU/L is recommended with vitamin D therapy.
14 In our patient, PTH levels normalized quickly with the use of alfacalcidol and demonstrated no recurrence of symptoms in the follow up period.
PHP should be considered as an extremely rare cause for SCFE, especially if the age of presentation is earlier than the expected range. 3 We conducted a literature search in Medline using the terms "slipped capital femoral epiphysis" and "pseudohypoparathyroidism" and found only three case reports. 4, 11, 13 Review of the citations in these articles revealed another pertinent article, 12 increasing the total number of PHP patients with SCFE to five (including the patient reported here). All of these patients were females. The youngest patient was reported by Aggarwal et al. in a 3-year-old who also required surgical fixation similar to our patient. All the other patients required medical management only. In the absence of AHO phenotype, all the previous patients were believed to have PHP type 1b. 4 As SCFE predominantly affects the obese and overweight population, 19 the occurrence of SCFE in children with normal or lower body mass index may provide another clue to search for an underlying endocrinopathy. Further endocrinologic evaluation is usually required to confirm the diagnosis. As illustrated in our case, this could be difficult and take considerable time if this possibility is not considered in the diagnosis. We emphasize that clinicians should have a high index of suspicion as early initiation of medical treatment prevents treatment failure and reduces the morbidity.
Our case is unique due to the following reasons. To the best of our knowledge, the patient we described is the second patient with PHP type 1b predisposing to SCFE and required both medical and surgical treatments. 4 The patient described by Aggarwal et al. presented with PHP and was started on calcitriol and calcium supplements. Due to medication noncompliance, she developed bilateral SCFE 6 months later, which required surgical pinning and continuation of medical treatment. Interestingly, our patient presented with SCFE requiring surgical fixation, but her manifestations of SCFE and later distal femoral physeal changes improved only after treatment with alfacalcidol and calcium supplementation, further supporting the importance of aggressive medical management. Even though calcitriol is the preferred choice, alfacalcidol may be used as an alternative if the PTH levels are not highly elevated.
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